Process For Patterning High-k Dielectric Material 
TECHNICAL FIELD 

[0001] The present invention generally relates to the fabrication of semiconductor devices, 
and more particularly to a process of patterning high-k dielectric material. 

BACKGROUND 

[0002] High-k dielectric materials are dielectric materials having a dielectric constant (k) 
greater than that of silicon nitride (i.e., k > about 7). High-k dielectric materials are currently 
being considered and/or implemented for next generation integrated circuit applications, such as: 
(a) gate dielectric material to replace Si0 2 in advanced metal-oxide-semiconductor field-effect 
transistor (MOSFET) structures; (b) dielectric material in a capacitor structure of a DRAM 
device; and (c) dielectric in a capacitor structure of non- volatile ferroelectric RAM (FeRAM) 
devices, for example. 

[0003] FIGs. 1-3 illustrate current processes for patterning a high-k dielectric layer 20 for 
the case where a high-k dielectric material is used as a gate dielectric for a MOSFET structure. 
FIG. 1 shows an initial unpatterned structure 22 having a gate conductor layer 24 (e.g., metal) 
over a high-k dielectric layer 20, which is over a substrate 26 (e.g., silicon). Typically, it is 
preferred to use a dry etch process (e.g., reactive ion etching, ion milling) for etching the gate 
conductor layer 24, e.g., to provide good profile and critical dimension control. 

[0004] The methods of wet etching alone and dry etching alone to remove high-k dielectric 
material often do not provide high etch selectivity with respect to the underlying substrate 26. 
As a result these methods are likely to recess the substrate 26, as shown in FIG. 2, or damage the 
substrate 26, as shown in FIG. 3 (see damage areas 28). The recess of the substrate 26 (see e.g., 
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FIG. 2) after etching the high-k dielectric layer 20 may have a depth 30 of about 1 1 to 12 nm, for 
example. Avoiding recess of the substrate 26 by stopping the dry etching sooner often causes 
damage 28 to the substrate 26, as illustrated in FIG. 3, which may cause problems for subsequent 
silicide formation, for example. Hence, there is a need for a method of removing the high-k 
dielectric material without these drawbacks. 

SUMMARY OF THE INVENTION 

[0005] The problems and needs outlined above are addressed by the present invention. In 
accordance with one aspect of the present invention, a method of fabricating a semiconductor 
device is provided. This method includes the following steps, the order of which may vary. A 
layer of high-k dielectric material over a substrate is provided. A layer of conductive material 
over the high-k dielectric layer is provided. The conductive layer is patterned. A first etch is 
performed on the high-k dielectric layer. A portion of the high-k dielectric layer being etched 
with the first etch remains after the first etch. A second etch of the high-k dielectric layer is 
performed to remove the remaining portion of the high-k dielectric layer. The second etch 
differs from the first etch. 

[0006] The first and second etches of the high-k dielectric layer may be performed in 
alignment with the patterned conductive layer. Spacers may be provided along sidewalls of the 
patterned conductive layer. The first and second etches of the high-k dielectric layer may be 
performed, at least in part, in alignment with the spacers. The first etch may be a dry etch 
process. The dry etch process may be a reactive ion etching process using an etch chemistry 
including at least one of inert gas, chlorine, and fluorine, for example. The second etch may be a 
wet etch process. The wet etch process may use an etch chemistry comprising an inorganic acid. 
The inorganic acid may include at least one of a halogen acid, HF, and H2S04, for example. 
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The patterning of the conductive layer, the first etch, and the second etch may be performed in a 
same chamber. A plasma ashing of the remaining portion of the high-k dielectric layer may be 
performed after the first etch and before the second etch. The high-k dielectric material may 
include at least one of an aluminum oxide, a zirconium oxide, a hafnium oxide, a hafnium 
silicate, a zirconium silicate, a silicon nitride, a tantalum oxide, a barium strontium titanate, and a 
lead-lanthanum-zirconium-titanate, for example. Material properties of the remaining portion of 
the high-k dielectric layer may change during the first etch. The high-k dielectric layer may be 
provided using a process selected from a group consisting of chemical vapor deposition, metal- 
organic chemical vapor deposition, atomic layer deposition, atomic layer chemical vapor 
deposition, low pressure chemical vapor deposition, sputtering, and anodization, for example. 
The remaining portion of the high-k dielectric layer may have a first thickness after the first etch 
that is about half its initial thickness. 

[0007] In accordance with another aspect of the present invention, a method of fabricating a 
semiconductor device is provided. This method includes the following steps, the order of which 
may vary. A layer of high-k dielectric material over a substrate is provided. A layer of 
conductive material over the high-k dielectric layer is provided. The conductive layer is 
patterned. A dry etch is performed on the high-k dielectric layer. A portion of the high-k 
dielectric layer being etched with the dry etch remains after the dry etch. A wet etch of the 
high-k dielectric layer is performed to remove the remaining portion of the high-k dielectric 
layer. This method may further include a process of plasma ashing the remaining portion of the 
high-k dielectric layer after the dry etch and before the wet etch. 

[0008] In accordance with still another aspect of the present invention, a method of 
patterning a layer of high-k dielectric material is provided. This method includes the following 
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steps, the order of which may vary. A first etch is performed on the high-k dielectric layer. A 
portion of the high-k dielectric layer being etched with the first etch remains after the first etch. 
A second etch of the high-k dielectric layer is performed to remove the remaining portion of the 
high-k dielectric layer. The second etch differs from the first etch. Preferably, the first etch is a 
dry etch process, and the second etch is a wet etch process. This method may further include a 
process of plasma ashing the remaining portion of the high-k dielectric layer after the first etch 
and before the second etch. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The following is a brief description of the drawings, which show illustrative 
embodiments of the present invention and in which: 

[0010] FIG. 1 is cross-section view of an initial stack of layers that may be used to form a 
gate for a transistor; 

[0011] FIGs. 2 and 3 are cross-section views showing damaged and recessed substrate after 
conventional etching techniques for patterning a high-k dielectric layer; 

[0012] FIGs. 4-6 illustrate a method of patterning a high-k dielectric layer in accordance 
with a first embodiment of the present invention; and 

[0013] FIGs. 7-9 illustrate a method of patterning a high-k dielectric layer in accordance 
with a second embodiment of the present invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0014] Referring now to the drawings, wherein like reference numbers are used herein to 
designate like elements throughout the various views, illustrative embodiments of the present 
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invention are shown and described. The figures are not necessarily drawn to scale, and in some 
instances the drawings have been exaggerated and/or simplified in places for illustrative 
purposes only. One of ordinary skill in the art will appreciate the many possible applications and 
variations of the present invention based on the following illustrative embodiments of the present 
invention. 

[0015] Generally, an embodiment of the present invention provides a method of patterning 
high-k dielectric material during the fabrication of a semiconductor device. FIGs. 4-6 illustrate a 
method of patterning a layer 20 of high-k dielectric material in accordance with a first 
embodiment of the present invention. The example shown in FIGs. 4-6 applies the first 
embodiment in the context of fabricating a gate for a transistor. Beginning with FIG. 1, an initial 
unpatterned structure 22 is provided as a starting point, for example. The initial structure 22 has 
a gate conductor layer 24 over a high-k dielectric layer 20, which is over an underlying layer or a 
substrate 26. 

[0016] The gate conductor layer 24 will typically be made from a metal. The gate 
conductor layer 24 may be made from any of a variety of different materials, including but not 
limited to: copper/copper alloy, aluminum, aluminum alloy, titanium, titanium nitride, titanium 
tungsten, tungsten, tungsten nitride, tantalum nitride, nickel, nickel alloy, molybdenum, doped 
polysilicon, or any combination thereof, for example. The underlying layer 26 may be a 
substrate made from or based on silicon, for example. The source and drain regions may be 
formed at some point in the substrate 26 adjacent to the gates to form transistors. 

[0017] There are many high-k dielectric materials being used, tested, or considered for use 
as gate dielectric material for transistors, and there will likely be more developed as the use of 
high-k dielectric materials increases. Also, as mentioned above, high-k dielectric materials are 
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being used or considered for use in other devices as well (e.g., capacitors, FeRAM). Some 
examples of possible high-k materials include (but are not limited to): aluminum oxide (e.g., 
A1 2 0 3 ), zirconium oxide (e.g., Zr0 2 ), hafnium oxide (e.g., HfOi), hafnium silicate, zirconium 
silicate, silicon nitride (e.g., Si 3 N 4 ), tantalum oxide (e.g., Ta 2 0 5 ), barium strontium titanate (e.g., 
BST), lead-lanthanum- zirconium-titanate (e.g., PLZT - PbLaTiC^), or any combination thereof, 
for example. The high-k dielectric layer 20 may be deposited using any of a variety of 
processes, including but not limited to: chemical vapor deposition (CVD), metal-organic 
chemical vapor deposition (MOCVD), atomic layer deposition (ALD), atomic layer chemical 
vapor deposition (ALCVD), low pressure chemical vapor deposition (LPCVD), sputtering, 
anodization, or any combination thereof, for example. 

[0018] Typically, it is preferred to use a dry etch process (e.g., reactive ion etching or ion 
milling) for etching the gate conductor layer 24 to provide a substantially vertical profile and 
good critical dimension control. For example, the plasma etch chemistry for the gate conductor 
etch may include a combination of HBr/Cl 2 /0 2 gas flow, which can etch metal but are selective 
against etching at least some high-k dielectric materials. However, the gate conductor layer 24 
may be etched using other processes. FIG. 4 shows a first intermediate structure 32 where the 
gate conductor layer 24 has been etched in alignment with a patterned hard mask (not shown) 
and/or a patterned photoresist layer (not shown), for example. The gate conductor etch may or 
may not be selective against etching the high-k dielectric layer 20. In the example shown in 
FIG. 4, the gate conductor etch is selective against etching the high-k dielectric layer 20 and the 
gate conductor etch is stopped when the high-k dielectric layer 20 is reached (e.g., using a timed 
process or endpoint control). 
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[0019] Next, referring to FIG. 5, a first etch is performed on the high-k dielectric layer 20 in 
alignment with the patterned gate conductor layer 24. The first etch of the high-k dielectric 
layer 20 may be a dry etching process (e.g., reactive ion etching (RIE), ion milling), for example. 
In the past, the first etch would be used to completely etch and pattern the high-k dielectric 
layer 20. However, the results were often unfavorable, as shown in FIGs. 2 and 3 (discussed 
above). In the first embodiment, portions 34 of the high-k dielectric layer 20 being etched with 
the first etch remains when the first etch is stopped. 

[0020] The first etch may be a RIE process using one or more inert gases (e.g., Ar), 
chlorine-based etch chemistries (e.g., BC1 3 ), fluorine-base etch chemistries (e.g., CF 4 , CHF 3 , 
CH2F2, CH3F), or any combination thereof, for example. A preferred process for the first etch is 
performing a plasma etch at a power of about 200-3000 watts, at a pressure of about 5- 1 00 
mTorr, with a plasma flow including about 1 0-200 seem of CF 4 and about 10- 1 00 seem of 
CH 2 F 2 , for example. The remaining portions 34 (see FIG. 5) of the high-k dielectric layer 20 
may be between about 7/8 and about 1/8 the thickness of the initial high-k dielectric layer 20 (see 
FIG. 1), for example. The thickness for the remaining portion of the high-k dielectric layer 20 
may be between about 20-60 A, for example. In the first embodiment, the first etch is stopped 
based on it being a timed process. For example, the dry etching of the first etch is preferably 
performed for about 10-150 seconds. In other embodiments, the stopping point of the first etch 
may be provided by ah endpoint control function provided by a plasma etching tool. An 
endpoint control of the first etch may be triggered when surface of the high-k dielectric layer 20 
is opened. Whether an endpoint control function can be used will often be dependent upon the 
plasma recipe for the first etch and/or the material properties of the high-k dielectric material 
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[0021] After performing the first etch on the high-k dielectric layer 20, a second etch is 
performed to remove the remaining portions 34 of the high-k dielectric layer 20 in alignment 
with the patterned gate conductor layer 24. The second etch may be a wet etch process, for 
example. During the first etch for removing part of the high-k dielectric layer 20, the material 
properties of the high-k dielectric layer 20 may be changed and/or damaged at the remaining 
portions 34 during the first etch. However, the second etch of the high-k dielectric layer 20 
works better due to these changes in the high-k dielectric layer 20 resulting from the first etch. 
For example, a wet etching process performed alone on the high-k dielectric layer 20 is not as 
effective (in most cases) as a wet etching process performed after the material properties of the 
remaining portions of the high-k dielectric layer 20 have changed during the prior dry etching of 
the high-k dielectric layer 20. The second etch may be a wet etch using an inorganic acid, for 
example. The inorganic acid may include, for example, halogen acid, HF, and/or H 2 S0 4 . A 
preferred process for the second etch is performing a wet etch using a de-ionized H 2 0 to HF ratio 
between about 10:1 and about 1000: 1 , for example. Another preferred process example for the 
second etch is performing a wet etch using a de-ionized H 2 0 to H 2 S0 4 ratio between about 5:1 
and about 1 000: 1 . The etching of the gate conductor layer 24 may also affect or change the 
high-k dielectric layer 20 to some extent. 

[0022] FIG. 6 shows the gate structure 36 formed after the second etch in accordance with 
the first embodiment. Preferably, the substrate 26 is not damaged, and has little or no erosion, 
after the high-k dielectric layer 20 is patterned, which is one of the goals and advantages of the 
present invention. Also, the first etch and/or the second etch of the high-k dielectric layer 20 is 
preferably selective against etching the patterned gate conductor layer 24. 



TSM02-1300 



-8- 



[0023] FIGs. 7-9 illustrate a method of patterning a layer 20 of high-k dielectric material in 
accordance with a second embodiment of the present invention. Referring to FIG. 7, spacers 40 
have been formed along sidewalls of the patterned gate conductor layer 24. Then, a first etch of 
the high-k dielectric layer 20 is performed (as in the first embodiment). The first etch may be 
performed in alignment with the spacers 40, or in alignment with the spacers 40 (in part) and the 
patterned gate conductor layer 24 (in part), for example, depending on the placement of the 
spacers 40. In FIG. 8, the first etch has been performed with the sides being in alignment with 
the spacers 40. Remaining portions of the etched high-k dielectric layer 20 is changed and/or 
damaged by the dry etch process of the first etch. Next, a second etch of the high-k dielectric 
layer 20 is performed (again, as in the first embodiment). The remaining portions of the high-k 
dielectric layer 20 are removed by the second etch, as shown in FIG. 9, in alignment with the 
spacers 40 along the sides of the gate. Thus, the second embodiment is essentially the same as 
the first embodiment with respect to the method used to pattern the high-k dielectric layer 20, 
except for the alignment. 

[0024J The etch process used to pattern the spacers 40 also may or may not be used to 
provide the first etch of the high-k dielectric layer 20. Hence, in some cases the spacer etch may 
be simply continued after patterning the spacers 40 to etch part of the high-k dielectric layer 20. 
In other cases, the spacer etch may be selective against etching the high-k dielectric layer 20, 
which may aid in stopping the spacer etch atop the high-k dielectric layer 20 (e.g., using an 
endpoint control function). 

[0025] In accordance with another embodiment of the present invention, and as an optional 
modification to either of the methods for the first and second embodiments, an additional plasma 
ashing process may be inserted between the first etch and the second etch. After the first etch of 
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the high-k dielectric layer 20 using a dry etch process, there may be polymer deposits that build 
up as byproducts from chemical reactions, for example. Whether there will be such polymer 
deposits depends on the etch chemistry/recipe and the high-k dielectric material chosen for the 
high-k dielectric layer. For example, using Hf0 2 as the high-k material may cause polymer 
buildup with certain dry etch processes. Hence, some first etch processes will produce polymer 
deposits and some will not. 

[0026] The problem with the polymer deposits is that a wet etch (e.g., as a second etch for 
the high-k dielectric layer 20) may not be able to completely remove the polymer buildup. Thus, 
polymer residue may be left behind after the second etch, which may be undesirable. The 
plasma ashing process may be used to remove the polymer buildup and/or to improve the wet 
etch process' ability to remove the polymer buildup and/or residue. One preferred plasma ashing 
process is to use an O2 flowrate of about 50-500 seem at a pressure of about 10-500 mTorr and at 
a power of about 200-3000 watts, for example. Therefore, introducing a plasma ashing process 
between the first and second etches can improve the overall process of patterning the high-k 
dielectric layer 20. 

[0027] The gate conductor etch, the first etch, the plasma ashing, the second etch, or any 
combination thereof may be performed in a same chamber. The ability to have an in-situ process 
flow with the same chamber has many process flow advantages (e.g., saving time, less 
movement of the wafer, preventing exposure to environment, etc.) 

[0028] It will be appreciated by those skilled in the art having the benefit of this disclosure 
that embodiments the present invention provide methods of patterning a high-k dielectric layer 
while minimizing the damage and/or loss to the underlying substrate. It should be understood 
that the drawings and detailed description herein are to be regarded in an illustrative rather than a 
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restrictive manner, and are not intended to limit the invention to the particular forms and 
examples disclosed. On the contrary, the invention includes any further modifications, changes, 
rearrangements, substitutions, alternatives, design choices, and embodiments apparent to those of 
ordinary skill in the art, without departing from the spirit and scope of this invention, as defined 
by the following claims. Thus, it is intended that the following claims be interpreted to embrace 
all such further modifications, changes, rearrangements, substitutions, alternatives, design 
choices, and embodiments. 
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